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•	 Climate	 futures	 were	 examined	 representing	 a	 plausible	 range	 of	 climate	
changes	 within	 the	 next	 80	 years	 consistent	 with	 recent	 observations	
and	theory.
•	 Gross	 domestic	 product	 (GDP),	Ag-GDP,	 and	 household	 income	 are	 esti-
mated	to	decrease	by	1.1,	5.1,	and	2.0	percent,	respectively,	on	an	annual	basis	
as	a	result	of	plausible	climate	changes.	 In	the	most	extreme	future—when	
inflow	 is	 90	percent	 exceedance	probability	 and	 the	 temperature	 increases	
+4.5°C—GDP,	Ag-GDP,	and	household	income	are	estimated	to	decrease	by	
2.7,	12.0,	and	5.5	percent,	respectively,	on	an	annual	basis.




responses	 to	 water	 availability	 and	 price	 changes.	 Milk	 revenues	 are	 also	
expected	to	decrease.
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This	is	at	least	partially	due	to	the	current	constraints	on	agricultural	produc-
tion,	including	allocation	constraints	such	as	the	1991	Accord.
•	 Although	 the	 model	 does	 not	 optimize	 for	 hydroelectricity	 production,	









projected	 to	worsen.	 Potential	 adjustments	 to	 climate	 and	 food	 risks	 need	
additional	investigation.
Sensitivities of hydrologic parameters and the DIVaCrD Constraint










current	 constraints,	 including	 water	 allocation	 requirements	 from	 the	 1991	










different	air	 temperature	conditions.	The	modeling	results	 indicate	 that	when	
the	crop	water	requirement	increases	more	than	5	percent	above	the	baseline	
irrigation	 requirements	 (corresponding	 to	 a	 temperature	 increase	 larger	 than	
2°C),	 the	 objective	 value	 drops	 significantly.	 Figure	 6.1a	 shows	 that	 this	
	temperature	increase	will	result	in	a	42	percent	decrease	in	the	objective	value	
(from	the	baseline).	The	highest	tested	crop	water	requirement	is	+35	percent	
more	 than	 the	 baseline	 which	 corresponds	 to	 a	 6.5°C	 temperature	 increase.	
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The	 historical	 canal	 diversion	 constraint	 (DIVACRD)	 simulates	 the	 1991	
Provincial	Accord	 requirement	 (described	 in	chapter	2).	This	water	allocation	
Figure 6.1 IBMr Sensitivity analysis results
a. Sensitivity analysis results on hydrologic parameters
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b. Sensitivity analysis results on 1991 Provincial Water 

















Note: Empty data points indicate the use of imaginary water. The “±” means tolerance range, the “(B)” means baseline and 
“Without” means runs without the Accord.
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constraint	 is	 the	 most	 critical	 constraint	 in	 the	 model.	 Figure	 6.1b	 shows	
the	objective	value	for	varying	levels	of	the	constraint—from	strict	adherence	to	
no	constraint.	For	a	±x	percent	deviation,	canal	diversions	can	vary	between	a	
(1–x)	 to	 (1+x)	 fraction	of	 the	historical	 canal	 allocations.	As	 the	 constraint	 is	
increasingly	relaxed,	more	objective	value	(that	is,	economic	benefit)	is	possible.	
The	 objective	 value	 ranges	 by	 a	 factor	 of	 2.	When	 the	 deviation	 allowed	 is	
smaller	than	±15	percent,	the	objective	value	shows	the	largest	changes.	By	fully	
relaxing	 this	 constraint,	 the	 largest	 objective	 value	 is	 achieved.	 Under	 these	
	circumstances,	the	only	binding	constraint	becomes	the	actual	physical	capacity	
of	the	system,	both	canal	and	land	capacities.	Note	that	for	subsequent	scenarios,	









marginal	 analysis	 was	 done	 on	 this	 constraint	 over	 the	 entire	 basin	 which	









realize	 the	 full	benefits	of	 relaxing	 the	1991	Accord,	 consideration	of	how	 to	
provide	incentives	for	winners	and	losers	within	provinces	may	be	as	important	


















Punjab 2,390,054 433,072 1,956,982 55.8 n.a n.a
Sindh 573,822 116,339 457,482 45.6 n.a n.a
Others 104,218 27,257 76,961 9.3 n.a n.a
Optimized allocation
Punjab 2,503,663 463,216 2,040,447 83,464 (4%) 61.4 5.6 14,904
Sindh 718,849 178,782 540,067 82,584 (18%) 57.0 11.4 7,244
Others 103,913 34,038 69,876 –7,086 (–9%) 6.6 –2.7 –2,624
Note: n.a. = not applicable, DIVACRD = 1991 Provincial Water Allocation Accord, MAF = million acre-feet, AF = acre-foot.
a. Net revenue = revenue−cost.
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increasing	 the	prospect	 for	consensus	on	 future	 infrastructure	development	of	
the	 sort	 envisioned	 by	 the	Water	 Sector	 Investment	 Planning	 Study	 (WSIPS,	
WAPDA	 1990).	 Unfortunately,	 neither	 aim	 has	 been	 sufficiently	 achieved.	





and	 administrative	 limitations	 have	 been	 discussed	 in	 previous	 studies	 (see	
review	by	Tariq	and	Ul	Mulk	2005,	for	Briscoe	and	Qamar	2006).
Furthermore,	 it	 is	worthwhile	noting	 that	 the	measurement	of	 actual	 canal	
flows,	watercourse	diversions,	 and	water	uses	 remains	uncertain	 and	disputed.	
Provincial	departments	have	sought	in	various	ways	to	raise	the	empirical	stan-
dards	for	monitoring	irrigation	water	diversions	and	use.	At	the	interprovincial	
level,	 however,	 Pakistan	 made	 an	 unsuccessful	 effort	 to	 install	 telemetry	









for	 exchanging	 water	 for	 compensation	 and	 also	 mechanisms	 for	 exchange	
between	provinces.	The	results	 suggest	 that	 there	may	be	significant	gains	not	
only	 in	terms	of	relaxing	the	provincial	Accord	but	also	 in	 implementing	eco-
nomic	allocation	within	provinces.	In	fact,		neither	is	mutually	exclusive,	and	the	
greatest	gains	would	result	from		economic		allocation	at	both	levels.
Future Climate risk Scenarios
Climate	scenarios	were	developed	to	examine	the	effects	of	possible	hydrological	
or	climatic	changes	that	may	occur	in	the	future.	Given	the	low	confidence	in	
general	 circulation	model	 (GCM)	projections	 in	 this	 region	 (Immerzeel	 et	 al.	
2011),	 a	more	 robust	 approach	would	be	 to	evaluate	 responses	 across	 a	wide	
range	of	plausible	climate	futures.	Note	that	some	of	the	future	scenarios	include	
greater	precipitation,	but	all	feature	warmer	temperatures.	A	future	year	is	not	
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specified	since	the	IBMR	is	a	single-year	model.	All	results	are	compared	with	
a	baseline	based	on	current	climate.	Thus,	results	for	investments	are	presented	











To	 generate	 a	 wide	 range	 of	 potential	 climate	 scenarios,	 combinations	 of	
	corresponding	inflow	and	crop	water	requirement	parameters	are	used.	Inflow	is	
varied	 from	10	 to	 90	percent	 exceedance	 probability	 using	 10	percent	 incre-
ments,	and	the	crop	water	requirement	is	varied	from	+2.5,	+5,	to	+20	percent,	
corresponding	to	1°–4.5°C	temperature	increases	(possibly	occurring	around	the	
2020s	 and	 2080s,	 respectively	 (based	 on	 the	GCM	outputs	 from	 chapter	 4).	
Furthermore,	since	much	of	the	waters	in	the	system	originate	from	the	Upper	
Indus	Basin	(UIB)	in	the	Himalaya,	climate	change	impacts	(using	corresponding	
temperature	 and	 precipitation	 changes)	 on	 snow	 and	 ice	 in	 the	 UIB,	 and	
	ultimately	 on	 the	 inflows	 into	 the	 Indus	 main-stem	 basin	 (as	 described	 in	
table	4.10)	are	included.	From	these,	a	total	of	70	different	climate	futures	are	
generated.	These	scenarios	represent	a	plausible	range	of	climate	change	futures	
within	 the	 next	 80	 years	 consistent	with	 recent	 observations	 and	 theory.	The	
impacts	of	these	climate	futures	on	the	computable	general	equilibrium	(CGE)	
and	IBMR	outputs	are	shown	in	figure	6.2.
Generally,	 negative	 impacts	 are	 estimated	 under	 these	 climate	 risk	
	scenarios.	Gross	domestic	product	 (GDP),	Ag-GDP,	 and	household	 income	
are	estimated	to	decrease	by	1.1,	5.1,	and	2	percent,	respectively.	In	the	most	
extreme	 climate	 future	 (when	 inflow	 is	 90	percent	 exceedance	probability	
and	 the	 temperature	 increases	 +4.5°C),	 GDP,	 Ag-GDP,	 and	 household	
income	are	 estimated	 to	decrease	by	2.7,	12,	 and	5.3	percent,	 respectively.	







weighted	 each	 household	 against	 their	 baseline	 incomes.	 Since	 non-farm	
households	have	higher	weights,	 the	 aggregated	household	 income	 shows	a	
negative	impact.
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a. Impacts on GDP, Ag-GDP, and household income
















b. Impacts on crops and power








Note: CGE = computable general equilibrium, IBMR = Indus Basin Model Revised. The upper error bar represents 99 percent, 
the upper box represents 75 percent, the middle line of the box represents 50 percent, the lower box represents 25 percent 
and the lower error represents 1 percent. 


























1,706 488 518 1,425 5,295
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are	 estimated	 (6	 percent	 and	 5.7	 percent	 average	 decrease).	 The	 worst-case	





bio-physiological	 based	 model,	 wheat	 yields	 are	 expected	 to	 decrease	 about	
3		percent	under	the	A2	scenario	and	5	percent	under	B2	in	the	2080s.	Thus,	these	
changes	would	be	in	addition	to	what	this	study’s	model	currently	predicts.























b. Results by major crop
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Figure	6.5	shows	that	the	largest	changes	in	revenue	are	estimated	for	wheat,	
sugarcane,	 irrigated	 rice,	 and	 cow	 and	 buffalo	 milk.	 In	 the	 extreme	 climate	
futures,	sugarcane	and	irrigated	rice	revenues	may	drop	by	as	much	as	13		percent.	
Irrigated	rice	under	the	best	circumstances	may	marginally	increase	in	revenue.
Hydrograph Monthly Shift Scenario
The	climate	risk	 scenarios	present	 the	 inflow,	precipitation,	and	temperature	
change	 impacts	 under	 the	 assumption	 that	 the	 intra-annual	 hydrological	
	pattern	will	remain	the	same.	This	section	presents	an	evaluation	of	the	effect	
of	a	shift	of	the	hydrograph	one	month	forward	(April	inflow	becomes	March	
inflow)	 and	 backward	 (April	 inflow	 becomes	May	 inflow).	A	monthly	 shift	
forward	 is	 consistent	 with	 what	 a	 warming	 climate	 might	 do	 as	 described	
	earlier	 (see	 chapter	 4)	 that	 is,	 earlier	 snow	melt	 and	 peak	 flow.	 Figure	 6.6a	
shows	 that	 a	 forward	 monthly	 shift	 can	 have	 a	 larger	 negative	 impact	 on	
the	economy	than	a	backward	shift.	This	impact	is	larger	in	magnitude	than	the	
average	climate	risk	scenario.	Figure	6.6b	shows	also	the	crop	production	and	
hydropower	 generation	 impacts.	 Less	 power	 is	 generated	with	 these	 hydro-
graph	shifts	since	less	water	is	stored.






a. Results by crop
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than	 this	 level),	 a	 forward	monthly	 hydrograph	 shift,	 20	 percent	 less	 rainfall,	






uncertainty	 in	 the	direction	 and	magnitude	of	precipitation	 change.	However,	





































Forward Average climate risk scenario Backward
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given	 the	counteracting	nature	 that	 temperature	and	precipitation	can	play	 in	




In	 the	worst	 case,	GDP,	Ag-GDP,	 and	 household	 income	 decrease	 by	 3.1,	
13.3,	and	6.1	percent,	respectively,	on	an	annual	basis	(figure	6.7a).	In	the	best	
case,	GDP,	Ag-GDP,	and	household	income	increase	by	1.0,	4.2,	and	1.3	percent,	
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tion	 is	 more	 sensitive	 to	 climate	 changes	 than	 crop	 production.	This	 in	 part	
reflects	 the	 alternative	 source	of	 irrigation	 (that	 is,	 groundwater)	 available	 for	
crop	production	and	alternative	cropping	patterns.





(Indus	Basin	Multi-Year:	 IBMY).	The	 IBMY	uses	 the	 entire	 50	 year	historical	







The	 current	 canal	 and	watercourse	 efficiency	 is	 estimated	 to	 be	 only	 76	 and	












lateral	 lines.	 The	 field	 efficiency	 for	 sprinkler	 irrigation	 system	 is	 about	
87.5–90	 percent	 (Cooley,	 Christian-Smith,	 and	Gleick	 2008).	 Canal	 lining	 is	




in	 Punjab,	 different	 types	 of	 canal	 lining	 can	 reduce	 the	 seepage	 losses	 by	
50	 	percent.	 This	 study	 models	 an	 adaptation	 investment	 scenario	 whereby	
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the	 system-wide	 efficiency	 is	 improved	 to	 50	 percent	 (from	 the	 existing	
35		percent)—primarily	through	canal	and	watercourse	improvements.
New Storage in the Indus Basin






conditions.	The	 potential	 economic	 value	 of	 storage	 for	 flood	 risk	 reduction,	











will	 improve	 in	 the	 future	as	 a	 result	of	new	 technologies	 and	on-farm	water	
management	improvements	(as	shown	in	figure	2.10).	For	example,	biotechnol-
ogy	investments	in	genetically	modified	(GM)	crops	promise	great	benefits	for	
both	producers	 and	 consumers	 of	 agricultural	 products,	 although	 the	 applica-
tions	of	GM	are	also	associated	with	potential	risks	(FAO	2002).
One	of	the	most	successful	examples	of	biotechnology	is	the	application	of	





For	 example,	 for	 developing	 countries	 the	wheat	 yield	 improvement	 is	 about	
2.0	 percent	 per	 year	 and	 for	 rice	 is	 about	 1.1	 percent	 per	 year	 (over	 the	
1989–99	period).	The	model	includes	an	adaptation	investment	that	assumes	a	
20	 	percent	 yield	 improvement,	which	will	 represent	 the	possible	 yield	 in	 the	
next	10–20	years	according	to	FAO	estimates.
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Performance of Adaptation Investment
This	section	is	an	evaluation	of	the	performance	of	the	adaptation	investments	
under	 the	 range	 of	 future	 climate	 risk	 scenarios.	The	DIVACRD	constraint	 is	
enforced	in	all	model	runs.	Figure	6.9	and	table	6.3	show	that	the	CANEFF	and	
CYIELD	 investments	 can	 significantly	 improve	 macroeconomic	 	performance	
and	household	income	under	a	climate	change	future.	Instead	of	losses	of	1,	5,	
and	2	percent	for	GDP,	Ag-GDP,	and	household	income,	respectively,	with	these	
Figure 6.8 Cumulative Distribution Functions of IBMr-2012 Objective Value for Different 
adaptation Investments (without Climate risk Scenarios)
Note: CANEFF = canal and watercourse efficiency improvement, CYIELD = crop yield, NEWDAM = construction of new 
reservoirs. The cumulative distribution function (CDF) is a graph of the value of the objective function versus the probability 















Baseline CANEFF CYIELD NEWDAM Combo
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table 6.2 Mean and Standard Deviation Objective Value for 50 Years from 
Different Investments




 CANEFF 2,802 465
 NEWDAM 2,843 38
 CYIELD 3,085 466
Combo 3,451 34
Note: CANEFF = canal and watercourse efficiency improvement, CYIELD = crop yield, NEWDAM = construction of 
new reservoirs.





















































No investment CANEFF NEWDAM CYIELD Combo
Note: CGE = computable general equilibrium, CANEFF = canal and watercourse efficiency improvement, CYIELD = crop yield, 
NEWDAM = construction of new reservoirs.
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positive	 shift	 with	 very	 low	 probabilities	 of	 observing	 negative	 changes.	The	
NEWDAM	investment	 shows	minor	 improvement	and	reduces	 the	 impact	of	
the	1st	percentile	climate	future.	As	discussed	in	the	previous	section,	this	finding	
reflects	primarily	the	contribution	of	additional	storage	to	an	existing	irrigation	
system	and	does	not	 incorporate	other	 	potential	benefits	 to	 the	economy	and	
households.
Examining	 the	 impact	of	 these	 investments	on	crop	production	and	power	
generation	(figure	6.10)	shows	that	the	relative	efficacy	of	these	investments	on	











scenario)	 is	 difficult	 to	 quantify	 because	 of	 different	 approaches	 used	 and	
	diversity	in	geographic	conditions.	Skogerboe	et	al.	(1999)	report	that	the	cost	
for	canal	lining	in	Pakistan	(for	the	Fordwah	Eastern	Sadiqia	Project)	ranged	PRs	
	608–3,725	per	 foot	 of	 canal	 (in	 1999	PRs).	The	 reduction	 in	 seepage	 ranged	
from	 a	 factor	 of	 2–10,	 depending	 on	 the	 prevalent	 conditions.	 Using	 these	
	indicative	 costs	 estimates	 and	 assuming	 that	 all	 60,000	 km	 of	 watercourses	
in	 the	 IBIS	 are	 lined,	 a	 cost	 range	 of	 PRs	 180–1,107	 billion	 is	 calculated.	
Similarly,		system-wide	efficiency	can	be	improved	directly	at	the	on-farm	levels.	
Cooley,	 Christian-Smith,	 and	 Gleick	 (2008)	 estimated	 the	 unit	 cost	 for	
	sprinkler	 (US$1,000–3,500	 per	 acre)	 and	 for	 drip/micro-irrigation	 systems	
table 6.3 Impact of Different adaptation Investments under Climate risks
GDP Agri-GDP Household income
Average change without investments (%)
No investment –1.1 –5.1 –2
Average gain with investments (%)
CANEFF 2.04 9.32 3.21
NEWDAM 0.29 1.5 0.64
CYIELD 3.66 16.7 5.42
Combo 6.05 27.4 7.45
Note: CANEFF = canal and watercourse efficiency improvement, CYIELD = crop yield, NEWDAM = construction of 
new reservoirs.
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nologies	 and	 research	 and	 development	 to	 raise	 crop	 yields	 by	 20	 percent	 is	
	difficult	because	of	the	inherent	complexity	associated	with	these	investments.	
According	 to	 a	 study	by	Menrad,	Gabriel,	 and	Gylling	 (2009),	 the	 additional	
costs	 per	 tons	 for	 GM	 and	 non–genetically-modified	 rapeseed	 oil,	 sugar,	 and	
wheat	are	PRs	32,400,	20,160,	and	15,680,	respectively,	in	Germany.	Therefore,	
the	average	additional	cost	per	tons	is	PRs	22,746.
Effect of Investments on Food Self-Supply
Having	access	to	sufficient	quantities	of	food	is	an	indicator	of	food	security.	Thus,	




diet	 (Bastin,	 Sarwar,	 and	 Kazmi	 2008).	 Supply	 and	 demand	 of	 wheat	 are	
used	 to	 estimate	 the	 impact	 that	 climate	 change	may	have	 on	 the	nutritional	
































No investment CANEFF NEWDAM CYIELD Combo
Note: IBMR = Indus Basin Model Revised, CANEFF = canal and watercourse efficiency improvement, NEWDAM = construction 
of new reservoirs, CYIELD = crop yield.
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requirements	in	Pakistan.	Bastin,	Sarwar,	and	Kazmi	(2008)	calculated	a	conver-
sion	factor	from	wheat	production	to	combined	protein	and	carbohydrate	supply	





	precipitation	 combinations	 were	 selected	 for	 the	 2020s,	 2050s,	 and	 2080s	
(see	table	6.4).
The	protein	and	carbohydrate	requirement	is	estimated	based	on	the	popula-





given	 in	 table	6.5.	The	 supply	 is	higher	 than	 the	demand	during	 the	baseline	
and	2020s	time	period.	However,	 the	supply	will	be	 less	 than	demand	by	the	
2050s	 without	 any	 investment.	 Only	 the	 CYIELD	 investment	 can	 maintain	
the	 production	 to	 meet	 the	 future	 protein	 and	 carbohydrate	 requirements.	






Crop water requirement 
change (%) Inflow change (%)
2020s +1.5 Low: 0 +4 –4
High: +10 +4 +4
2050s +3 Low: –10 +10 –8
High: +20 +10 +17
2080s +4.5 Low: –10 +20 +1
High: +10 +20 +18
Note: Temperature and precipitation projection follow the average general circulation model (GCM) results in chapter 4; 
inflow changes from current condition are calculated by the model in chapter 3.




Cereal-based protein and 
carbohydrate demand 
(tons, millions)
Protein and carbohydrate supply 
(tons, millions)
Baseline CANEFF NEWDAM CYIELD
Baseline 167.4 10.1 16.3 18.0 16.4 19.8
2020-low P 227.8 13.7 16.1 17.7 16.2 19.4
2020-high P 16.2 17.8 16.3 19.5
2050-low P
307.2 18.4
15.8 17.2 15.9 19.0
2050-high P 15.9 17.4 15.9 19.1
2080-low P 386.7 23.1 15.5 16.8 15.6 18.6
2080-high P 15.5 16.8 15.6 18.7
Note: CANEFF = canal and watercourse efficiency improvement, CYIELD = crop yield, NEWDAM = construction of new 
reservoirs. Shaded cells mean supply is less than demand. 
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per	 the	 1991	 Provincial	Accord.	This	 minimum	 flow	 is	 difficult	 to	 maintain	
	during	drought	years	(for	example,	2002–04).	Haq	and	Khan	(2010)	estimate	
that	over	the	last	20	years,	at	least	2	million	acres	of	arable	land	have	been	lost	




over	 time.	The	annual	average	 from	1936	 to	1960	was	87	MAF	compared	 to	
41	MAF	 over	 the	 1977–2000	 time	 period.	 For	 future	 analysis,	 this	modeling	






























































Case climate scenarios Baseline
Note: MAF = million acre-feet.
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table 6.6 Baseline environmental Conditions
Province
Area (acres, millions) Net recharge (MAF) Salt balance in soil layer (tons, millions)
Fresh Saline Fresh Saline Fresh Saline
Punjab 18.1 4.8 –9.6 4.4 +35.9 +4.2
Sindh 3.4 9.4 2.7 4.6 +5.4 +29.3
Others 3.0 0.4 –2.5 0.2 +4.5 +0.7
Note: MAF = million acre-feet.




the	 dominant	 issue	 is	 related	 to	 problems	 of	 salinity	 and	 waterlogging.	 On	





than	 29	million	 tons	 (per	 year).	The	 reason	 for	 this	 net	 accumulation	 is	 that	
groundwater	pumping	does	not	exist	in	these	saline	areas,	so	fresh	water	is	not	
recharged	into	these	aquifers.	Meanwhile,	the	evaporation	rates	in	saline	areas	are	








Figure 6.12 historical Flows below Kotri Barrage, 1938–2004
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Climate and Investment Scenarios
This	section	presents	changes	in	these	environmental	parameters	under	different	
adaptation	investments.	Figure	6.13	shows	the	results	of	flow	to	the	sea	and	fresh	





table 6.7 Baseline vs. Sustainable Groundwater Usage Model
Baseline Capped pumping Difference Percentage of baseline
Objective value (PRs, billions) 2544 2506 38 98
Total production (1,000 tons) 94,047 89,385 –4,662 95
 Punjab 64,983 61,428 –3,555 95
 Sindh 24,225 23,434 –791 97
Canal diversion (MAF) 109.6 109.5 –0.1 ..
 Punjab 58.1 58.3 0.2 101
 Sindh 43.3 42.8 –0.5 99
Groundwater pumping (MAF) 57.9 50.0 –7.9 86
 Punjab 54.1 47.0 –7.1 87
 Sindh 3.2 2.6 –0.6 82
Note: .. = negligible, MAF = million acre-feet.
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During	high	 flow	 situations,	 the	1991	Provincial	Accord	 limits	 the	 amount	of	
water	that	can	be	diverted	and	utilized.	Thus,	additional	water		provided	by	new	
storage	cannot	be	used	and	escapes	to	the	sea	(since	the	model	does	not	allow	for	
table 6.8 Irrigation Mix under Different adaptation Investments
Average water uses under climate risk scenarios (MAF) Canal Tubewell Total
No investment 109.8 66.4 176.2
CANEFF 108.1 51.6 159.7
NEWDAM 115.4 64.2 179.6
CYIELD 109.5 62.6 172.1
Note: MAF = million acre-feet, CANEFF = canal and watercourse efficiency improvements, CYIELD = crop yield, 
NEWDAM = construction of new reservoirs.
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Note: CANEFF = canal and watercourse efficiency improvements, CYIELD = crop yield, NEWDAM = construction of 
new reservoirs.
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Similarly,	 the	 groundwater	 net	 recharge	 does	 not	 change	 significantly	with	
these	 investments.	Only	under	 the	NEWDAM	investment	 is	 the	groundwater	
net	 recharge	 improved.	This	 is	 because	more	water	 is	made	 available	 for	 the	
surface	system,	particularly	during	drought	conditions.	Water	losses	from	canals	
and	watercourses	 are	 treated	 as	 the	major	 groundwater	 inflow	 in	 the	model.	
When	efficiency	improves	(as	in	the	CANEFF	investment),	the	amount	of	canal	
diversion	 decreases	 and	 the	 losses	 also	 decrease.	 This	 is	 a	 negative	 effect	 in	





the	 adaptation	 investments.	 In	 this	 study,	 we	 follow	 the	 approach	 taken	 by	
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Note: CANEFF = canal and watercourse efficiency improvements, CYIELD = crop yield, NEWDAM = construction of 
new reservoirs.
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Ahmad	and	Kutcher	(1992)	in	these	calculations.	For	fresh	areas,	the		largest	com-








This	 analysis	was	 accomplished	by	 linking	 an	updated	 IBMR	model	with	 an	
economically	 broader	 CGE–social	 accounting	 matrix	 (SAM)	 analysis.	 The	
analysis	first	identified	some	of	the	key	sensitivities	and	more	robust	aspects	of	
the	IBIS.	At	every	step,	key	data	and	modeling	issues,	and	further	Indus	irriga-
tion	 management	 questions	 were	 encountered,	 which	 will	 be	 priorities	 for	
further	 analysis.	 The	 concluding	 chapter	 presents	 these	 main	 findings,	 their	
	significance,	and	priorities	for	future	research.
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